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EXPERIMENTAL STUDY ON THE EFFECT OF LOADING
RATE ON THE BEHAVIOR OF STRUCTURAL MATERIALS
AND MEMBERS

By Minoru WaraBavyasai, Takeshi NAKAMURA, Nozomu YOSHIDA
Satoshi Iwar, and Yukihiro WATANABE

Synopsis

To investigate the effect of a stress rate on the tensile strength of concrete, dynamic splitting
tests of twenty concrete cylinder specimens were made. It is recognized that the tensile strength
of concrete increases with a increseasing stress rate.

Effects of a curvature rate on the elastic-plastic behavior of steel beams and reinforced con-
crete beams subjected to dynamic bending are discussed on the basis of the experimental and
theoretical investigations. The stress-strain relationships of steel, concrete and reinforcing bar
were formulated taking the effect of a strain rate into consideration and used in the analysis,
It is recognized that the moment bearing capacity of beams increases with a increasing curvature
rate.
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Table 1. Results of Splitting Tests of Concrete
Specimen Tensile Strength Stress Rate }
Number (kg/em?) (kg/cm?/sec.)

60 | (14.1) ( 0.705)

61 22 .4 0.148

62 (16.5) ( 0.207)

63 29.3 0.366

64 31.2 0.339

65 36.7 758

66 - 30.6 681

67 38.0 985

68 35.9 867

69 26.9 858

70 29.2 70

71 29.0 100

72 30.8 102

73 37.2 117

74 25.9 99

75 —_ S

76 41.8 : 2730

77 42.0 2890

78 25.4 1670

79 35.5 . 3020
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Table 2. - Results of Compressive Tests of Concrete

Specimen Maximan Stress Stress rate
Number (kg/cm?) (kg/cm?/sec.)
50 246.8 —_—
51 240.4 —
52 (286.6) —— {Static
53 255.4 —_—
54 255.4 —
55 —_ —_
56 316 6480
57 307 6560
58 323 6740
59 329 6870
Tensile Stress Stress (t/cm2)
Static Tensile Stress »
5L e e
A
_Oé —i“‘ 4 _’.'::::;'.'.':::::::"" //
! —6’%’ === O“ o 3 Strain Rate
— —— 0.00005 sec-!
Zr —— —— 0005 sec-!
0 : -~ 005 sec-!
107 100 10' 10? 103 10% 1
Stress Rate ( kg/cm?/sec) Strain
Fig. 2. Tensile Strength-Stress Rate Diagram 0 v 0.05 010 015

t
of Concrete Fig. 3. Stress-Strain Curves of Steel
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Table 3. Mechanical Properties of Material

Elastic Yield Ultimate Strain at Biginning | Strain at

Modulus Stress Stress ‘of Strain-hardening | Breakage

(t/cm?) (t/cm?) (t/cm?) (%) (%)
Flange 2124 .5 2.71 4.23 2.5 31.53
Web 2143 .6 2.64 4.16 — 31.65

Table 4. Measured Dimensions of Steel Beams

Depth Width Thickness (mm)
(mm) (mm) Web Flange
for Static Test 49.85 49.74 5.99 5.97
for Dynamic Test 49.95 49.84 5.97 5.93
Stress (t/cm?) 0.004 I 10
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Table 5. Mechanical Propefties of Concrete

Specimen Compressive Strain at Maximam
Number Strength (kg/cm?) Stress (%)

1 216 0.210

2 204 0.214

3 221 0.215

4 218 0.217

— 10
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Table 6. Mechanical Properties of Reinforcing Bars

Yield Stress Ultimate Strength | Strain at Breakage
(t/cm?) - (t/em?) (%)
2.44 3.73 43
00016 | 1.6 0.0016 16
LOAD /D"D,(,/oﬁ: LOAD i
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g 5 /
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Fig. 15. Loading Rate and Curvature Rate Diagrams
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Fig. 16. Load-Displacement Diagram
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FORB BT CRTF R %235 B-1 (#E55.4)

% R ?
(b) Specimen No. 3 (b) Specimen No. 4
Photo. 3. Specimen after Static Loading Photo. 4. Specimen after Dynamic Loading
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(a) Specimen No. 2 (b) Specimen No. 4

~ Fig. 18. Time-Load, Ram Displacement, Ram Velocity, and Ram Acceleration Diagrams
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TH-To BHHTFTHRDOEERE (No. I, No.3) % Photo.3 (a), (b) i, FWfifHtk © HErik (No. 2,
No.4) % Photo.4(a), (b) KEFNFNRT o
6.4 &= =
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WTELe COEDRRICODWTRABROBETH S,
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